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Executive Summary
The objective of this paper is to study the viability of building a Baja SAE competition
site so that UTC could host events in the future. Part of this includes defining a building size in
square feet and estimating the construction cost. Once that is accomplished it is necessary to
determine what equipment may be used at the site, how much power each piece of equipment
would use, and how many hours each would be used for within the year. With this information it
is then possible to estimate the annual power consumption for a competition year and a regular
year. These results are 106,630.02 kWh and 54,501.35 kWh respectively. After determining the
cost of excess demand, the power costs for those years was found to be $23,685.21 and
$14,831.58 respectively.
After finding the amount of the power cost, the amount of power needing to be generated
can then be determined. By consulting weather studies and looking at the amount of money
needing to be recouped, it is determined that the appropriate program is TVA’s Distributed Solar
Solutions program. TVA requires that they buy 100% of the power produced in any system
contracted with them. Knowing this, then the only way to measure how well the system meets
the power needs of the facility is a dollar to dollar comparison. The solar panels selected for the
analysis are 190 Watt panels. The inverter selected for the analysis has an efficiency of 98.5%.
Utilizing this information and the program guidelines for power buy-back, calculations yield that
a generation system with a nameplate capacity of 1 Megawatt would be the ideal size. For the
selected apparatus, this constitutes 5,500 panels and would cost $1.5 million; however, the
system would not generate any money in addition to covering costs over the 20 year contract.
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I. Introduction
Project Justification
The Society of Automotive Engineers (SAE) hosts three Baja SAE competitions yearly.
They are spread across the country with sites being chosen from four regions (West, Midwest,
Northeast, and Southeast). It is not common to see two locations chosen from the same region in
the same year. Typically, these events last 4-5 days at a time and are spaced almost a month apart
starting around mid-April finishing in June. The competition objective is for student teams to
design, fabricate, and showcase a prototype single-seat off-road vehicle. The vehicle is to be
designed for a casual user and can be made readily available to the market by being easy to
manufacture. Rules change annually so it is often difficult to repeat success with the same
vehicle without re-engineering most aspects. Even still success can be elusive if the team is not
on the same page throughout design, testing and competition preparations.
Important aspects of a competition include the events. They are divided into two
categories: static and dynamic. Dynamic events are the most often thought of when Baja SAE is
mentioned. They can include but are not limited to a sled pull, hill climb, braking,
maneuverability, acceleration, and the endurance race. Static events are the cost report, design
report, technical inspection to ensure rule compliance, and sales presentation. Whereas the scores
from the dynamic events can be compared alongside each other to determine the best, the static
events actually have to be judged to determine how teams are ranked in each event [1]. One of
the most unique parts of Baja SAE competitions is the fact that often times these judges are
volunteers comprised of off-road and automotive industry leaders from companies such as
Honda, Polaris, and Briggs & Stratton. Students are then not only competing and gaining

valuable experience but they also are getting real-time feedback from professionals and provided
a chance to network with these industry leaders. Students are also given the opportunity to meet
future employers and other students, which in turn, may point them in a direction for graduate
school.
Baja SAE competitions can bring other benefits as well. In addition to the
aforementioned benefits, the Baja SAE competitions also bring added income and tourism to the
host city of the competition. Competition team sizes range from seven to twenty-five people.
These teams usually arrive early or stay late to let their members experience what the city has to
offer in the way of entertainment or culture. With approximately 110 teams at each competition,
there can be as many as 2,750 people visiting the host city resulting in revenue generation for the
food, lodging, and entertainment industries during the four to seven day period. Some cities even
have a public display or parade to better exhibit the competing vehicles. This encourages people
who are not connected to any of the events, such as sponsors or the university constituents, to
attend one or more events due to a peaked interest. It also provides a means for public
recognition of the event sponsors and attending universities.
Colleges also benefit greatly from these competitions. Success in competitions helps to
bolster their reputation in the engineering realm by being able to compete against other
engineering programs. They can also serve as great recruiting tools. Students that are passionate
about the automotive or off-road industry, which may also be considering a career in those fields,
are more likely to gravitate to schools that have proven success and desire to keep their Baja
programs competitive.
Sponsors view these competitions as a marketing tool. Not only are they getting
advertising among a key demographic of young soon to be professionals that are interested in

off-road vehicles who may one day buy their products. But they also are able to identify
firsthand future engineers that are able to work efficiently within a team, create a design within a
series of constraints, and able to negotiate issues as they arise. Furthermore, the sponsors can
benefit from the work done by the student teams to possibly inspire innovations in their own
products.
With all of these benefits, it would be advantageous for the University of Tennessee at
Chattanooga to host a competition, using a customized site. The hosted event would bring
revenue and international recognition to the city of Chattanooga. In addition, by providing a
readily available permanent testing location, the site would aid future UTC Racing Mocs teams
with competitive vehicle development. It would also be helpful to have a larger work area as the
interest in the UTC Racing Mocs team grows at the university. If designed correctly, the facility
could also host other events that have space constraints beyond the available space on campus,
such as steel bridge or concrete canoe.
Project Definition
For the facility to not only be as efficient as possible but also to minimize the economic
burden on the university, a solar array will be utilized to reduce power costs. By first analyzing
what power requirements will be necessary, a solar array can be designed to meet these needs.
Then, the average power generated yearly can be compared to the power consumed to show what
kind of impact can be expected from the system [2]. The Chattanooga Electric Power Board
(EPB) and the Tennessee Valley Authority (TVA) have partnered to buy this electricity from
sources that choose to help provide green energy in their market area. Therefore the parameters
of this program will be used herein to help determine the optimal design of the solar power
generation system. The program is dubbed the Distributed Solar Solutions (DSS) program [3].

References to TVA guidelines and program information are listed below in Section VI. The DSS
program and how it relates to this project will be discussed in depth below in Section IV entitled
Energy Analysis. The objective of this thesis is to analyze and present the number of solar panels
necessary to constitute the minimum array offsetting yearly power costs (or the equivalent
generating power needed). Furthermore, the selected design to present an array that would be
capable of generating money yearly to help fund other installations at the site, whether it is the
cost of the building, equipment, or cost of the solar system, will be defined. Furthermore, this
thesis will help to judge the economic viability of the idea of making the facility self-sufficient
by offsetting the power costs or generating a net gain yearly. If built, the location would be a
useful educational tool for classes like energy conversions, in which students study how power is
generated through different forms. Students could tour a real-life application of what is being
taught in the class because this facility was designed to produce electricity in an environmentally
friendly fashion. It could also be of an educational value to other classes outside of the
Mechanical Engineering curriculum as well, which would need to be gauged by the professors of
individual courses.
Since this building does not currently exist, a theoretical design of the building will be
proposed for the analysis. To do so, considerations will be taken to show how the building will
be laid out, what equipment will need to be in place, and what the ideal location is like. It is
important, when defining the building, to do so in a stringent manner such that any estimates
made in regards to the power consumption will accurately model the real world application.
Furthermore, it will be important to make assumptions in a conservative manner, this way if
there is any error, the error would result in an overestimation of the power consumption. In this

instance it would be wiser to estimate a higher number rather than a lower number, in regards to
the power consumption, due to the nature of the analysis being conducted.
To start with the location, the land needed would need to be approximately 100 acres. It
would need to be in close proximity to a highway to better deal with the large influx of traffic
that a competition would yield; however, due to the noise it would also need to be in a remote
area. It would need access to 3 phase power as well to better supply the power necessary for the
equipment that may one day be at the facility including but not limited to welders, mills, lathes,
and plasma cutters.
The facility will be laid out with hosting a competition in mind, which will be
accomplished using competition experience from other facilities and what they did well or
lacked. Furthermore, the facility will be designed such that it not only meets SAE’s guidelines
for a location but that it provides amenities that should be provided at future competition sites
designed by others. Keeping this is in mind the areas necessary for restrooms, team paddocks,
gas storage, a shop for the UTC team, and an auditorium for opening and closing ceremonies will
be laid out and then analyzed for power consumption. Having all of these areas in one central
location and covered from the weather has never been attempted. Most Baja SAE sites are
situated in a field with little to no buildings around, which results in teams being forced to work
out in the open or in the shelter of either their trailer or a tent. The proposed site would have
covered paddocks for teams to store equipment and work within. Also provided would be three
phase power to each team capable of running equipment up to the power demands of a welder, in
each paddock. This would eliminate the need for teams to have a generator; therefore they would
have no need to have gasoline on hand. This reduces the safety risks with approximately 100
teams not having volatile chemicals on hand. Gasoline for the Baja vehicles would be kept in a

section of the facility that is designed to hold chemicals segregated from the general population
further reducing safety concerns. Other facility considerations taken that would be unique to the
UTC site would be enclosed restrooms reducing the need for portable toilets, an on-site
auditorium with central air conditioning for competitor meetings and competition ceremonies,
and an area suitable for vending machines.
This site would help to set the standard high of what should be expected from a host and
what amenities should be provided to competitors. The current structure of Baja SAE divides the
competitions between four distinct regions: Southeast, Northeast, Midwest, and West.
Competitions typically switch between two to three locales within those four regions; however,
due to less available locations willing to host in the past years sites have been utilized more than
this typical rotation. It can be assumed that UTC’s site would be selected for a competition at
least every three years because currently only four viable locations exist between the Southeast,
Northeast, and Midwest regions. They include New York, Maryland, Kansas, and Illinois [4].

II. Background
Operation of a Solar Power Generation System
Solar power generation systems produce electricity when rays from the sun hit the
photovoltaic material from which they are made. This photovoltaic material can be either a form
of crystalline silicon or various types of materials known synonymously as thin film.
Furthermore, they are known as first generation panels and second generation panels
respectively. Each of the materials listed above has various different traits that make them useful
for different applications whether it is battery storage systems that are off-grid, grid-tied systems,
or areas with lower quality sunlight. The intended application, the amount of direct sunlight, and
the angle associated with the sun and the exact location of the system on the Earth are all
important factors that must be considered when selecting a panel material [5].
Solar panels, through the photovoltaic effect, produce direct current electricity (DC - V).
This is useful if the power is being stored in batteries or if the appliances being operated use
direct current. However, most appliances and the grid utilize alternating current electricity (AC V). To make use of power generated through a solar panel system, inverters are used to convert
the DC power to AC power so that it is useable or able to be placed onto the grid. The inverters
in these systems will typically be located down the power stream from any devices or battery
banks that would utilize DC. The exact design of the system will help to determine what type and
number of inverter(s) is necessary. A small building that was going to be isolated completely
from the grid and not ever be connected, such as a hunting cabin, could possibly function with
only solar panels and batteries. It would not require an inverter as long as it only had DC
appliances. The facility being considered however will require AC power, thus inverter selection

is necessary. More complex systems would also need a controller in addition to panels, inverters,
and batteries. These complex systems are called micro-grids, an example is the hunting cabin
described before. Figure 1 below shows what a typical solar power generation system looks like.

Figure 1: Grid-Tie w/ Micro-grid application of a solar generation power system [6]

Figure 1 includes a battery bank, multiple disconnects, a controller, and isolation
switches, which set up a micro-grid. Controllers are responsible for sensing how much power is
being drawn and allocating where that power comes from. The sources that a controller will be
able to tap into and supply power from are typically either the panel’s generation, backup battery
storage, or the grid by switching where the load is pulling power from. To do this the controller
has to effectively disconnect the building from the micro-grid and return it to the main power

grid. Then the power produced from the panels then is diverted to being stored in the batteries or
the panels are made to not produce power. This function can be accomplished through the use of
isolation switches [7]. This study does not take into account the possible added benefits or
consequences of setting-up a micro-grid as it was considered to be out of scope. The possible
pay-back for a micro-grid is explained in further detail within the Energy Buy-Back discussion
within Section IV Energy Analysis.
The components of a solar power generation system are subject to some efficiency, which
need to be considered when making apparatus selections and calculations. Largest efficiency
losses are associated with the inverter and the solar panels. In addition, while solar panels are
warrantied against workmanship and quality, they also will experience degradation due to use.
The warranties last for different timeframes between ten and twenty years, however, the
degradation is always approximately the same when compared to the promised amount of output
in regards to the length of the warranty. The best approximation of degradation due to use and
age is 1% per year of use. This number comes from the typical 10 year warranty guaranteeing at
least 90% output at 10 years or a 20 year warranty guaranteeing 80-85% output [8]. While this is
an approximation, it is on the conservative side because the degradation is more likely to behave
exponentially not linearly. Therefore, this estimate will actually overshoot the effect of the
lessening production of the solar panels, but this will not affect the end result of the analysis. The
original efficiency of the solar panel power production will also not be an issue. Most panels
have a manufacturer’s specification sheet that lists the power rating and the anticipated power
production rating. Assuming the panels that will be installed have been quality checked, then the
anticipated power production will have taken into account the efficiency of the panels and should
give a lower, but more realistic, power rating. The last efficiency that will be applicable within

the analysis is the inverter. The inverters are listed with an expected efficiency just as the panels.
This will help to determine how much power is retained and how much is diminished as losses.
Inverters are also warrantied against poor workmanship and to operate at the expected range for
a certain amount of years. The warranties also once again differ in timeframes across different
models of inverters. It is important to not only consider what the application of the power
generation system will be, but also to be aware of the warranties and efficiencies of the
components used. The actual apparatus selected for this system will be presented with
specifications in the Section IV Energy Analysis below.
Another important consideration to be considered is the location for solar and the amount
of useful sunlight it receives. If there are large obstructions that will block sunlight or the area
does not typically receive much direct sunlight throughout the year then it would be a poor
candidate for a solar array. If not properly analyzed, the initial cost of the solar panels and
system may be difficult to recover or the anticipated payout may take longer to be reached. How
critical it is to generate a certain amount of money will differ project to project but it is important
to anticipate that the cost of the panels must be recovered in a reasonable amount of time. There
are instances early in the history of residential applications of solar power where this was not
considered properly and as a result people were not compensated for their initial investment as
quickly as had been predicted [9]. However, many locations in Chattanooga already take
advantage of solar panels so it is known that this technology can be applied and be successful in
the local environment. It is important to properly estimate how much sunlight, which is intense
enough to produce power, Chattanooga receives in a given year on average. This is so that the
actual amount of power produced can be more accurately calculated, and there is not a loss of
investment or the return is less than anticipated. To accurately predict this number weather

records were consulted [10]. When these records were taken collectively, the average percent of
sunlight that directly reaches the ground per month was found. This percent takes into account
obstructions such as clouds or eclipses that would limit the amount of sunlight that is useful for
this application. Knowing this percent, the average amount of daylight per month can be
multiplied by this percent to find the amount of sunlight, in hours, that reaches the ground in
Chattanooga. The average length of day and the percent of sunlight are shown in Table 1 below.
Table 1: Average Length of Day and Percent of Sunshine
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Average Length of Day (h) Monthly Amount of Sun (%)
10.11
43%
10.94
49%
11.99
53%
13.09
61%
14.01
65%
14.48
65%
14.24
62%
13.43
63%
12.38
64%
11.28
63%
10.34
53%
9.85
44%

With this information, the average amount of production hours was found to be 2578.65 hours
per year. While this number is an average it was also found using historical data. Provided that
historical trends remain the same over the life of the solar array, it is a reasonable assumption to
expect that the yearly amount of sunlight will stay within close range of this average.
Zero Energy versus Energy Plus
Most buildings with energy production capabilities operate as an energy negative source
meaning that they use more power than they produce. This is due to the fact that it is either not
possible or not economical for them to completely offset the power consumption in a year. Other

buildings are fitted with a system powerful enough that they can actually function as what is
known as energy zero or energy plus. Energy zero is when a power production system exactly
offsets the power consumption at a location in a given time period. Energy plus is when the
production exceeds the consumption, and then that excess can be sold through programs such as
the DSS program mentioned above. Many solar power production systems will pay for
themselves given time, even if they are not designed to make a facility energy zero or plus. A
typical barrier to building a solar array that would be energy zero or plus is the larger initial cost
of the solar array when compared to a smaller design.
One of the deliverables from this project will be to determine the minimum, maximum,
and an selected array design, such that multiple options may be considered to determine which is
the most feasible design based off of initial cost and revenue generation. It is hoped that a
medium can be reached where the initial cost is not so expensive that the project is not feasible,
but that the array is still large enough to generate extra funds. To do so, first the annual power
consumption will need to be defined.
Estimating Annual Energy Use
The recommended process for determining how much power consumed in a given time
period starts with identifying the appliances or equipment that will be used on site within said
time period [11]. For this project the time period being considered would be a full year that
includes a competition being hosted at the facility, as well as a typical year without a
competition. The power consumed at the site will be significantly more during the competition
year due to the influx of teams that will require power for repairs and last second changes. The
amount of power used in a non-hosting year will also be calculated for determining the

economics of the lifecycle of the power contract with TVA. The equipment list to be considered
in the calculation is given below in Table 2.

Number

Table 2: Equipment list with descriptions and number
Equipment
Equipment
Number
Number
Description
Description

Equipment
Description
110W Fluorescent
lamps x 1959
(Competition Area)
Air Conditioner
(Assembly Hall &
Shop)

1

Security Lamps x 60

12

Manual Lathe

23

2

110W Fluorescent
lamps x 119
(Shop Area)

13

Manual Drill Press

24

3

Computers x 4

14

Drop Saw

25

4

TIG Welder

15

Band Saw

26

5

MIG Welder

16

Miter Saw

27

6

CNC Mill

17

Air Compressor

28

7

CNC Laser Table

18

Air handling x 52 fans

29

8

CNC Water Jet

19

Air Conditioner
(Window Unit)

30

Drill
x 110 teams

9

CNC Plasma Cutter

20

Refrigerator

31

Battery Charger x2
x 110 teams

10

Gas Pump

21

Belt Sander

32

Saw x 110 teams

11

PA System

22

Hand Grinder

33

Air Compressor
x 110 teams

Work Lights
x 110 teams
Laptops x 2
x 110 teams
Phone Chargers x 2
x 110 teams
MIG Welder
x 110 teams
TIG Welder
x 110 teams

The next step is to either measure the hours each device is used by keeping a log or to
estimate the yearly usage. Then, the wattage, or the power consumption rate of all equipment
being considered, is to be defined. There are three methods that can be used to identify values for
the wattages [12]. The first is checking to see if the device is labeled with a power rate from the
manufacturer. The second is researching credible sources for the same or similar devices to
estimate the wattage. Finally, the wattage is known to be the product of the voltage necessary to

use a piece of equipment and the current so the formula below can be utilized to define the rate if
necessary. The values for voltage and current are available either on a piece of equipment or in
the specifications sheet.
𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑒 (𝑊) = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉) 𝑥 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴)

(𝐸𝑞. 1)

All three methods were necessary in finding appropriate values to be used for the energy
analysis. These values are theoretical maximums and using them assumes that equipment will
always be operating at full power which is not necessarily true. However, using this number once
again better hedges the annual power consumption from being underestimated. The next step, is
multiplying the hours a machine is used in a year by the power rate. However, since energy is
usually sold and bought in kilowatt hours it is necessary to convert watts into kilowatts. This is
shown below.

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) =

𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑒 (𝑊)
𝑥 𝐻𝑜𝑢𝑟𝑠 𝑢𝑠𝑒𝑑 (ℎ) (𝐸𝑞. 2)
1000

The final step once the total power consumed is known, is to identify the rate at which the
utility sales power. At most utilities different levels exist for purpose and annual usage.
Estimating the amount of power to be used and knowing that the site is a medium level
manufacturing commercial facility, the appropriate level as defined by EPB guidelines was
determined to be GSA – 2 [13]. The last formula for calculating the cost of the power is given
below.

𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑠𝑡 ($) = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) 𝑥 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑒 (

$
) (𝐸𝑞. 3)
𝑘𝑊ℎ

III. Defining the Facility
Facility Layout and Cost
To complete the energy analysis and the analysis related to the solar panel array, it was
first necessary to lay out the facility such that the approximate footprint would be known.
Considerations were taken from the requirements given above in the project definition. The
textbook Tompkins’ Facilities Planning was used to provide preliminary guidelines on how a
facility must be designed [14]. Important guidelines referenced from this textbook were location
of fire exits, rest room sizes, room capacities, lighting demands, and aisle clearances. Since the
complete design of a facility is outside the scope of this project most of these calculations will
not be discussed. The sole calculation that will be discussed is the determining of lighting
requirements given an area’s size and purpose, since this calculation directly relates to the power
consumed. This equation is given below..

# 𝐿𝑎𝑚𝑝𝑠 =

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑥 𝐴𝑟𝑒𝑎
(𝐸𝑞. 4)
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑥 𝐿𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 𝐹𝑎𝑐𝑡𝑜𝑟 𝑥 𝑅𝑎𝑡𝑒𝑑 𝐿𝑖𝑓𝑒

This equation takes into account the tasks being performed, the size of the room, how the light if
diffused, how clean the room is, and the output of the lamp over time to help determine how
many lamps, or bulbs, are necessary. Using this equation it was determined that at least 119
lamps are necessary in the shop and that the rest of the facility would require at least 1959 lamps.
These numbers can be found in Table 2 listed above. The proposed layout of the building is
shown below in Figure 2.

Figure 2: Block Diagram Layout of the Paddock and Shop Area

As can be seen there is a covered aisle in the center of the structure to help ensure in the
case of wet weather people are not forced to walk around outside. Also it is designed such that
the restrooms are central and not isolated from any part of the structure. The 110 team paddocks
are actually divided up into four smaller areas labeled A through D. This will help in
differentiating where a certain numbered paddock is located. The rest of the facility is laid out in
a block diagram below in Figure 3.

Figure 3: Block Diagram Layout of the Auditorium Area

As can be seen, small areas exist around the auditorium. It is thought that the auditorium
will act much like a hub during the competition, allowing competitors a place to sit down, meet
with one another, and eat. As such it was designed to be big enough to accommodate 2,857
people at max capacity. This is also why there is an office at the front to give competitors a place
to go for official competition information and to sign in. There are restrooms and an area for
vending machines as well. The areas in square feet of each room are listed below in Table 3. The
total footprint of the building is 87,900 square feet. The estimated cost of this building would be
approximately $500,000, however this cost will not be considered in the cost of the solar array
because the location would first need to be built in order for the solar array to be purchased and
installed.

Table 3: Areas of each Room
Room
Auditorium
Stage
Men’s Restrooms
Women’s Restrooms
Front office
Storage
Vending
Aisle
Shop
Gas Storage
Men’s Restrooms (Paddocks)
Women’s Restrooms (Paddocks)
Paddock A
Paddock B
Paddock C
Paddock D
Hallway

Area (ft^2)
10000
1400
480
640
160
160
160
19500
4620
2100
840
840
13020
13020
11340
8820
800

Now that the facility has been laid out, the lighting requirements, and areas have been
determined, more information has been identified in order for the power load calculation to be
completed. Determining how the facility would be laid out and what rooms would need cooling
also allows for a more accurate calculation of the power load as well. The total footprint of the
building, assuming that the dimensions of the roof are the same, also helps to determine how
many panels could be placed on the roof if the plan was to completely saturate the roof with
panels.
Power Load
The energy load of the facility was calculated using the above methods described in the
estimating annual energy use section. First the equipment list was defined and then energy
ratings for each were identified. These energy ratings can be found below in the Appendix [15-

31]. The complete year was laid out day by day so that hours of use could be properly counted
for each item on the equipment list. Next, through experience of manufacturing a Baja vehicle
and constructing past cost reports, the hours that relate to equipment that would be used by the
UTC team were estimated throughout the whole year. Tasks considered were not only hours
related to the manufacturing of the Baja vehicle but also workshops designed to teach students
how each machine works so that they can safely operate them without causing personal harm or
equipment damage. A comprehensive list of how many hours of use is expected for each item on
the equipment list is also included below in the Appendix.
The hours that teams would need to use equipment were estimated based off of how
many cars would need last minute changes to pass the technical qualification review or would be
involved in an incident and need repairs. Four different sources with Baja SAE experience were
polled to achieve different data sets. The hours estimated were then averaged as reported
below in Table 4. The standard error of the means was then found by use of the standard
deviation of each average. The standard error of the means is reported as the uncertainty of the
measure.
Table 4: Equipment use in Hours by Visiting Competitor Teams

Data set
1
2
3
4
Average
+/-

Work Lights
Laptops MIG Welder TIG Welder Drill Saw Air Compressor
Hours Multiplied
by # of Teams
1375
1276
315
1060 176
176
506
2013
563
1006
1006 253
253
490
1320
400
320
1000 150
200
440
2266
1353
1133
1133 1245 1245
690
1743
898
694
1050 456
468
532
235
243
219
31 264
259
55

The hours reported above were spaced across the four days of the competition with 50% of the
hours allocated for the first day and another 20% for both the second and third days.
Now that all hours are defined, it is possible to multiply the hours of use by the ratings as
shown in Equation 2 to obtain the annual power consumed. The annual power consumed in a
year with a competition and year without a competition is shown below in Table 5. The power
consumption of a year with a competition is also shown in graph form in Figure 4 below. Figure
4 helps to show by comparison how much more power is consumed during the 4 days of
competition than is in the rest of the year.
Table 5: Annual Power Consumed in the different Years
Competition Year
Regular Year

Power Consumed (kWh)
106,630.02 +/- 4,500
54,501.35
+/- 1,000
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Figure 4: Annual Power Consumption plotted by Day

EPB sales power at a rate 0.0937 $/kWh for the first 15,000 kWh used and then at a rate
of 0.03924 $/kWh for every kWh in excess of the first 15,000 to GSA – 2 customers [13].
However, EPB also measures demand for GSA – 2 customers and depending what that demand
is charges more. Demand is defined as how much power is being used instantaneously at any
given time. It is measured by a demand meter that moves to the highest demand experienced and
then only resets back to zero at the end of the billing cycle. Typically the demand must be held
constant for a small amount of time ranging anywhere between five to fifteen minutes to cause a
demand meter to rise. This would mean that small momentary spikes, like a compressor starting
up on an air conditioning unit, would not cause an increase in the demand measured. The bracket
for demand cost is any demand measured to be less than 50 kW is free, but any demand
measured in excess of 50 kW incurs a $15.89 for every kW over 50 kW [13]. The demand for a
regular month was found to be slightly less than 100 kW and the demand during a competition

was found to be possibly as high as 500 kW. We are a GSA – 2 customer because our demand
exceeds 50 kW but not 1,000 kW and our monthly usage is greater than 15,000 kWh in any one
billing period in a year. The excess demand results in costs of $794.50 and $7,150.50 per month.
Adding these additional costs to the cost of the power consumed resulted in yearly average
power bills of $23,685.21 and $14,831.58 respectively.
This is where a micro-grid would be beneficial. The power stored on site would be able
to force down the demand below some threshold to reduce the cost of the excess demand by
providing power. If enough power could be provided the demand from the grid could be forced
below the 50 kW threshold. However, in a year that hosts a competition, the yearly demand only
costs an extra $16,000. Therefore, all the components necessary to set up a micro-grid would
need to be bought and then would have a very long payback period because the benefit would be
extremely small in comparison, thus making a micro-grid not economically viable at this time.

IV. Energy Analysis
Power Buy-Back
TVA’s Distributed Solar Solutions (DSS) program is for commercial grade solar arrays.
Part of the distinction from the more residential friendly Green Power Providers program is that
under the DSS program the generator nameplate production capacity has to be greater than 50
kW and less than 2 MW. It was discovered while completing the analysis that it was not possible
to produce enough power with a 50 kW system in Chattanooga to even meet the minimum
annual cost of power without creating a complimenting micro-grid. In light of this it was
determined that the DSS program guidelines would be used for calculating array dimensions.
Although, due to the fact that the DSS program is set up for commercial endeavors, other fees
and guidelines to energy buy-back do apply [32 and 33].
The most limiting factor, which does exist in both programs, is that TVA mandates that
they will buy 100 % of the power produced in any system that is contracted with them. That
means that an array cannot be setup with battery storage and an integrated micro-grid feeding
back into the facility if it is contracted to them to sale power. Therefore, according to their
policies any production system must be setup as shown in Figure 5 below.

Figure 5: Grid-Tie only solar power production system [34]

As can be seen, the power feeds directly to the inverter then to the grid through a meter where
the amount of useable power produced is measured. They call this method dual metering for the
two meters measuring consumption and production. This is used instead of the method of net
metering where depending on how much power is being consumed or produced a single meter
moves up and down. This further means that a micro-grid is now completely not viable as an
option because it would have to exist as a standalone system completely isolated from the grid
further increasing the cost of a micro-grid because the same solar panels and inverters could not
be utilized.
Another caveat with the DSS program is that there are two parts to the compensation rate.
One part is a flat constant rate of 2.73 cents per kWh provided. The other part is 3.148 cents per

kWh provided and this rate is escalated by 3% per year [33]. This is thought to be in aid of
offsetting the effects of solar panel degradation and annual inflation. The yearly compensation
rates were calculated to be as follows in Table 6.
Table 6: Annual Compensation Rates
Year
Rate/kWh
1
$0.059
2
$0.060
3
$0.061
4
$0.062
5
$0.063
6
$0.064
7
$0.065
8
$0.066
9
$0.067
10
$0.068
11
$0.070
12
$0.071
13
$0.072
14
$0.074
15
$0.075
16
$0.076
17
$0.078
18
$0.079
19
$0.081
20
$0.083

Only a span of twenty years was calculated because the contract lifespans are twenty years in
length. The DSS program also has fees associated since it is designed for the commercial sector.
These fees are broken up into an application fee and performance assurance fees. The application
and various performance assurance fee structure is attached below in Table 7 [32].

Table 7: Fee Breakdown in TVA’s DSS Program
Application
Performance Assurance
Contract Issued
Notice to Proceed
Year 1-2
Year 3-4
Year 5-20

$1,000 + $1/Kw
$15/Kw
$25/Kw
$125/Kw
$100/kW
$75/kW

A portion of the performance assurance fees are paid back starting in year three and running
through the end of the twenty year contract. This portion is $25/kW every year.
Maximum, Minimum and Selected Scenarios
Several factors go into the designed size of the solar array. This includes the yearly power
cost, cost of the solar equipment, program fees, payback period, space available, and TVA
guidelines on system nameplate capacity. Ideally the system at a minimum needs to produce
enough power to be sold to offset the yearly power costs. If it can create extra funds to help pay
for the initial cost of the solar panel system that is an even better solution.
The apparatus selected for the analysis include a solar panel with a measured output of
190 Watts and an individual footprint of 13.74 square feet per panel [35 and 36]. The selected
inverter is specifically designed for commercial grade grid-tie applications. As such it
accommodates 45 kW of input and has a 98.5% efficiency. Furthermore, each has a 20 year
production warranty [37 and 38]. Using these values for the panel and inverters, arrays can now
be approximated.
The minimum array is bounded by the limit that it needs to produce in the first year
enough power to offset not only the $23,685.21 of the annual power bill but also that year’s

performance assurance fee. It is hard to give a definite number for the cost of the panels as the
cost changes according to the array size. However the cost is included in the calculation to
ensure that the payback of the initial cost of the panels will be accomplished over the life of the
system. The maximum array is bounded by two limits: the footprint of the building and the
nameplate capacity. If it is desired that solar panels only be located on the roof of the building,
then the footprint of the building dictates how many solar panels can be used. Assuming that a
section of the grounds could be used to place solar panels, then the maximum nameplate capacity
of 2MW determined by TVA guidelines dictates how many solar panels may be used. However,
while it may be tempting to put the maximum amount of panels as space allows to then generate
more money, the initial cost of the system and the program fees due before power generation
starts will ultimately dictate how many panels can be used and may restrict that plan.
To provide multiple options different arrays are presented below in Table 8 with number
of panels, system cost, and money generated in excess of the total costs including panel costs by
the end of the 20 year contract. The different array designs presented are as follows: the
maximum based on roof space available, the maximum based on nameplate capacity, and a
selected result in based on the 2 million dollar budget. The minimum options are not listed
because no arrays existed that would fulfill either requirement for a minimum sized array.

# of
Panels
5,500
6,397
10,526

Table 8: Array Sizing Options with Cost and Money Generated
Money
Description
Cost
Generated
Based on $2,000,000 budget

-$1,546,345

-$1,271,288

Maximum based on Roof Space

-$1,782,068

-$1,470,530

Maximum based on Nameplate Capacity

-$2,867,128

-$1,968,150

As shown, the cost of each system is over 1 million dollars with the larger systems being
closer to or over 2 million dollars. These high costs are due to the large number of panels
necessary. A positive result is that a large amount of money can be generated after the initial
costs are recouped. The selected solution was determined keeping in mind a few factors. They
include the generation size of the array, the initial cost of the array, and the amount of space that
it would require. The nameplate for 5,500 panels would be approximately 1 MW, which is a
good size as it is only 50% of the maximum that is allowed. Furthermore, this array is more
likely to be accepted by TVA as they only allow 10 MW to be added to the program yearly. The
initial cost of an array, including the cost of the system and the fees, that is 5,500 panels is
approximately 1.5 million dollars which, with the cost of the building, puts the complete project
cost close to an even 2 million dollars. This was set as the maximum amount of funding that was
thought to be feasible at this time for bounding the calculations within this thesis. Lastly, it is not
reasonable to completely saturate the roof with solar panels. If the roof was completely covered,
then there could be no skylights to help provide natural lighting, it would be difficult to work on
any panels if there is an issue, and it would be next to impossible to translate the roof.

V. Conclusions and Recommendations
In conclusion, through identification of what equipment would be necessary at the facility
to not only produce a Baja competition vehicle but to also host a competition, the annual power
consumption was able to be estimated. This was found by determining the power ratings and
hours of use for each item in Table 2. Through the power consumed and the demand needs of the
facility, it was determined that the site would be defined as a GSA – 2 midlevel manufacturing
commercial location. The power consumed was converted into power costs using EPB’s fee
schedule for GSA – 2 customers. The resulting power bills were $23,685.21 and $14,831.58 for a
competition year and standard year respectively. It was also determined that excess demand
would cost approximately $16,000 during a competition year.
Looking to offset the power costs of the facility through contracting a solar array with
TVA of a contract lifetime of twenty years, different array designs were presented. These arrays
used selected apparatus including 190 Watt solar panels and inverters with 98.5% efficiency. The
arrays were designed as the minimum amount to offset costs, the maximum amount possible, and
a selected solution based on budget requirements. The selected solution is as follows in Table 9.
Table 9: Selected Array for Project Completion
# of
Panels
5,500

Description

Cost

Money
Generated

Based on $2,000,000 budget

-$1,546,345

-$1,271,288

This selection was made for many factors including the fact that it can be constructed solely on
the roof while not occupying the roof in its entirety and a complete initial project cost, including
building costs, of around 2 million dollars, which was determined to be the cap of the budget
available. However, it will not achieve a payback on the initial cost of the system within the

20 year contract life. Therefore, the viability of the project comes into question, as the
investment will not generate enough money in excess of costs to replace the solar panels and
initiate a new contract without additional funding. It was determined that, without additional
studies to show otherwise, this project is not viable at this time.
It was determined that a micro-grid to help regulate the demand costs by keeping
instantaneous demand at a more allowable number was not economically viable. This was found
for two reasons. The first is that the initial cost would be extremely large since due to TVA
guidelines the micro-grid would have to be a standalone system that was in no way connected to
the grid. This would result in needing to buy more solar panels and inverters in addition to the
isolation switches, controllers, and batteries. The second reason is that the most amount of
money that a micro-grid would save in a single year, at this location, is during a competition year
and that amount would only be $16,000. This low amount would make the payback period
extremely long and therefore make this addition undesirable.
It is recommended that further studies be conducted in other areas that relate to the
completion of this project. These studies include a study related to identifying possible sponsors
in order to provide funds for the initial cost of this project so that the project can be fully funded
upfront. Also a study pertaining to other possible costs of a competition and the economic
feasibility of a competition in general once these other fees are identified. Finally, a study is also
needed to better identify a parcel of land that would be suited to house the competition facility.
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VII. Appendix
Sample Calculations
𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑒 (𝑊) = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉) 𝑥 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴)

(𝐸𝑞. 1)

30 (𝑊) = 12 (𝑉) 𝑥 2.5 (𝐴)

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) =

1,518.50 (𝑘𝑊ℎ) =

𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑒 (𝑊)
𝑥 𝐻𝑜𝑢𝑟𝑠 𝑢𝑠𝑒𝑑 (ℎ) (𝐸𝑞. 2)
1000
10,330 (𝑊)
𝑥 147 (ℎ)
1000

𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑠𝑡 ($) = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) 𝑥 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑒 (

$
) (𝐸𝑞. 3)
𝑘𝑊ℎ

$
142.28 ($) = 1,518.50 (𝑘𝑊ℎ) 𝑥 0.0937 (
)
𝑘𝑊ℎ

# 𝐿𝑎𝑚𝑝𝑠 =

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑥 𝐴𝑟𝑒𝑎
(𝐸𝑞. 4)
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑡 𝑜𝑓 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑥 𝐿𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 𝐹𝑎𝑐𝑡𝑜𝑟 𝑥 𝑅𝑎𝑡𝑒𝑑 𝐿𝑖𝑓𝑒

119 𝑙𝑎𝑚𝑝𝑠 =

100 𝑓𝑡 − 𝑐𝑎𝑛𝑑𝑙𝑒𝑠 𝑥 4,620 𝑓𝑡^2
𝑙𝑢𝑚𝑒𝑛𝑠
0.62 𝑥 0.84 𝑥 7,500
𝑙𝑎𝑚𝑝

Equipment Power Ratings

Number

Equipment
Description

Power Rating
(W)

Number

1

Security Lamps x 60

70

18

2

110W Fluorescent
lamps x 119
(Shop Area)

110

19

Air Conditioner
(Window Unit)

1000

3
4
5

Computers x 4
TIG Welder
MIG Welder

150
10330
11500

20
21
22

Refrigerator
Belt Sander
Hand Grinder

58.83
420
1800

23

110W Fluorescent
lamps x 1959
(Competition Area)

110

6

CNC Mill

8320

7

CNC Laser Table

1000

24

8

CNC Water Jet

7200

25

9

CNC Plasma Cutter

9000

26

10

Gas Pump

632.5

27

11

PA System

120

28

12

Manual Lathe

5000

29

13

Manual Drill Press

1320

30

14

Drop Saw

1100

31

15

Band Saw

1100

32

16

Miter Saw

1400

33

17

Air Compressor

3450

Equipment
Description
Air handling
x 52 fans

Air Conditioner
(Assembly Hall &
Shop)
Work Lights
x 110 teams
Laptops x 2
x 110 teams
Phone Chargers x 2
x 110 teams
MIG Welder
x 110 teams
TIG Welder
x 110 teams
Drill x 110 teams
Battery Charger x2
x 110 teams
Saw x 110 teams
Air Compressor
x 110 teams

Power Rating
(W)
119

1500
500
60
1
11500
10330
750
30
900
1800

Equipment Use Hours

Number

Equipment
Description

Usage
(h)

Number

1

Security Lamps x 60

4,313

18

1,736

19

Air Conditioner
(Window Unit)

1,344

8,760
147
41

20
21
22

Refrigerator
Belt Sander
Hand Grinder

8,760
78
24

2
3
4
5

110W Fluorescent
lamps x 119
(Shop Area)
Computers x 4
TIG Welder
MIG Welder

6

CNC Mill

254

23

7

CNC Laser Table

18

24

8

CNC Water Jet

20

25

9

CNC Plasma Cutter

60

26

10

Gas Pump

23

27

11

PA System

9

28

12

Manual Lathe

28

29

13

Manual Drill Press

9

30

14

Drop Saw

12

31

15

Band Saw

23

32

16

Miter Saw

41

33

17

Air Compressor

63

Equipment
Description
Air handling
x 52 fans

110W Fluorescent
lamps x 1959
(Competition Area)
Air Conditioner
(Assembly Hall &
Shop)
Work Lights
x 110 teams
Laptops x 2
x 110 teams
Phone Chargers x 2
x 110 teams
MIG Welder
x 110 teams
TIG Welder
x 110 teams
Drill x 110 teams
Battery Charger x2
x 110 teams
Saw x 110 teams
Air Compressor
x 110 teams

Usage
(h)
48

134

3,852
1,375
1,276
63
315
1,060
176
83
176
506

